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Acronyms and Symbols
A Ampere
A/D Analog to Digital
Ag Gain Error
Ays (2) Open loop voltage gain (single-ended,
0to+, 0 to =)
BPO Bipolar offset
BPOE Bipolar offset error
BW Bandwidth :
CcM Common mode 1
CMR Common mode rejection
CPW Clock pulse width
cs Channel Separation
(n) A/D converter transition voltage - nth transition
D/A Digital to Analog
dB Decibel
DESC Defense Electronics Supply Center
o DUT Device Under Test
- E(n) A/D converter transition voltage bit error
in LSB, with transition
E(n) Static A/D converter transition voltage less
transient error contribution in LSBs
EBo(n) Amplified difference voltage., Difference between
reference D/A converter and the DUT output
. nth transition
FRR Feedthrough Rejection Ratio
Fsv Full Scale Voltage
FSVR Full Scale Voltage Range
G Voltage gain
e Gg Voltage gain error
! GE General Electric Company
GEOS General Electric Company, Ordnance Systems
GND Ground ‘
Tady Adjustment pin current
+Icc Positive supply current
IcH(+) Hold capacitor charging current (+ input)
IcH(-) Hold capacitor charging current (- input)
Icont Control pin current
ICs Integrated Circuits
Iy (+) Leakage current into hold with + charge
Iy (=) Leakage current into hold with -~ charge
+I1B Input bias current, non-inverting input
~118 Input bias current, inverting input
I High level input current
I, Low level input current
I10 Input offset current
Alre/ AT Input offset current/temperature coefficient
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IRer
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JAN
JC-41
JEDEC
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LSB
1SI
LTPD
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MCE (n)

MPCAG
mv

Ni (8B)
No
Ni@®cC
os<? )

|4
PPM

+PSRR
PSS
QPL
RADC

s/H
S/N
SR(+)

tac

ap
TR(tr)
TR(08)
tsL
tSHL

T4L
VADCIN

Logic power supply current

Output short circuit current (for positive output)

Output short circuit current (for negative output)

Quiescent current

Reference voltage supply current

Temperature stabilizer supply curreat

Initial temperature stabilizer supply current

Joint Army Navy

JEDEC Committee on Linear Integrated Circuits

Joint Electron Devices Engineering Council

Natural logarithm

Least significant bit of D/A or A/D converter

Large Scale Integration

Lot Tolerance Percent Defective

Milliampere

Major carry error where n = 1 is major transition
with all bits changing

Major carry error less transient error contribution
where n = 1 is major transition with all bits
changing

Military Parts Control Advisory Group

Millivolt

Broadband noise

Output noise voltage

Popcorn noise

(GE) Ordnance Systems

Quiescent power dissipation

Peak 1

Parts per million

Power Supply Rejection Ratio, positive supply

Power Supply Sensitivity

Qualified Product List

Rome Air Development Center

Amplifier feedback resistor

Amplifier input scanning resistor

Sample and Hold Circuit

Serial Number

Slew rate (max AV,/ At), positive

Ambient temperature

Acquisition time (S/H) -

Aperture time (S/H)

Transient response, rise time

Transient response, overshoot

Settling time of step response to specified accuracy

Settling time, low=to-high

Settling time, high=-to-low

Transistor - transistor logic

Transistor - transistor logic

A/D converter input voltage
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V10
V1o ADJ(+)
Vou

Vor(m)

VoL

VoM (n)

Vop

Vour

Vour (RECOV)

VR
VRDAC (n)
VR LINE
VR LOAD
VRos
VRTH
g
VSTART
Zy

Zo

X

L + D

u
uF
uv
us
A
o

+ NL

- NL
AVro/ AT
AVIN/ AVour
AVour/ A Vi
AVour/ A It
QAVR AT

Adjustment pin voltage

Base-to-emitter voltage

Supply voltage

Control pin voltage

Forced voltage

"Hold" step voltage

Logic "1" input voltage

Logic "0" input voltage

Input voltage .

Input offset voltage

Adjustment for imput offset voltage

Output Voltage, high level -

D/A output voltage on straight line between
zero and FS-fir address n

QOutput Voltage, low level

D/A output voltage measured for address n

Output voltage swing (peak)

Voltage output

Regulator output recovery voltage after output
short to ground

Reference Voltage

Reference D/A converter output for address n

Line regulation

Load regulation

Reference D/A output offset voltage

Thermal voltage regulation

Positive supply voltage

Voltage start-up

Input Impedance

Output Impedance

Data mean of X . . c o o e e e s
- *Degreés’ certigrade

Micro

Microfarad

Microvolt

Microsecond

Delta

Sigma

Summation of maximum positive bit weight errors
Summation of maximum negative bit weight errors
Input offset voltage temperature coefficient
Ripple rejection

Line transient response

Load transient response

Reference voltage temperature coefficient
Thermal resistance
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INTRODUCT TON

Ohjectives

The major objective oi this work vltort is to charactericze cortain
lincar microcircuit devices 1or inclusion in MIL=M=-38,10 ("
lrication for Microcircuits'™) slash shects,

Conetal SIS { -

tenerally, "characterization” or o device tvpe inclades sooeral oo ated
tasks:

e determination ol test parameters and limits

o development of test procedures, compatible with automatic test syvstems

e verification of limits and test circuits via sample device testing/
evaluation,

e generation of detailed burn-in and life test circuits

e preparation of rough draft slash shects

A secondary objective of this effort is to provide tollow-up suppaort
for maintaining existing linear MIL-M-38510 slash shects to current stuatus,
including support to Rome Air Development center tTor manutacturer qualini-
cation and related activities.

All of the characterization effort performed is guided by the tundamen-
tal objectives of the JAN 38510 program - namely quality, reliability, inter-
changeability, and standardization.

Scope of Applied Effort

The specific tasks included in this program are the charagterization
and specification’of the followirg device types/familics:

Adjustable positive Voltage Regulators, MIL-M-38510/117
Adjustable Negative Voltage Regulators, M{L-M-38510/118
Precision BiFET Op Amps, (LFI55A cte), MIL-M-38510/114
Multiple BiFET Op Amps (single, dual, quad), MIL-M-38510/119
12-bit A/D Converters, MiL-M=38510/120

12-bit D/A Converters, MIL-M-38510/121

Precision Voltage References, MIL-M-38510/124

Precision Sample/Holds, MIL-M-38510/125

Additional required tasks included were:

e Assess pending changes to existing slash sheets and recommend appro-
priate action,

e Support RADC in the evaluation of manufacturer qualification sub-
mittals,
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® Inturtace with manutacturers in development of new specs, or changes

to existing specs; attend =41 Committee and Subcommittee mect ings.

® Complete slash sheets not issued at completion of previous contract,
Program Status

Fhe following new slash sheets were developed on this program:

commercial Device Type

MIL-M-138510/117, prositive Adjustable Regulators uA78MG, wA78G, LM1174,

LM117K
MIL-M=38510/118, Negative Adjustable Regulators uA79MG, uA79%, LM137H,

LM137K
MIL~-M-38510/119, Multiple BiFET Op Amps TLO61, -062, -064,

TLO71, 072, 074; uA771,
-772, 774; LF151, -153,

~147
MIL-M-38510/120, 12-Bit A/D Converters MN 5200-5207, MNS5210 -
5217
MIL~-M-38510/121, 12-Bit D/A Converters AD562, HI562
M{L-M-38510/124, Precision Voltage References M129, LM199
MIL-M-38510/125, Sample/Hold LF198

Three device types were added to an existing slash sheet also:
MIL~-M-38510/114, BiFET Op Amps LF155A, LF150A, LF157A

Device characterization is essentially complete for the above specifi-
cations with the exception of /120 and /125, The A/D specification has been
issued in preliminary form; test hardware and software have been developed,
and data is expected soon after publication of this report., The Sample/Hold
specification and characterization development is in very early stages; a
Table 1 has been prepared, along with test circuits and a partial Table 1II,
awaiting manufacturer comment, All other specifications and characterizations
listed above are complete and include a prepared slash sheet, test adapter
hardware and software, and automatic/manual test data.

In addition to the above characterizations, follow~up tasks to previous
RADC characterizations were also included in the current contract. This
cffort included the following:

® Complete characterization of BLiFET Op Amps, /114, (non="A"' 155 family),
including testing of 68 devices, generation of data handbook, and
negotiations at JC-41 Op Amp Subcommittee m2eting in San Jos&. Two
burn-in circuits were evaluated, also. This is reported in Section
IT of this report,

e Reviewed and assessed proposed changes to parameters and limits for
device type 01, (LM109), on /107, Positive Voltage Regulators. Two
manufacturers requested changes via JC~41 Committee letter ballot;
G approved the changes with certain qualifications,
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® Reviewed and assessed changes to /115, Negative Voltage Regulators;
completed investigation of start-up problems observed carlier at GE.
This item is reported upon in Scction .

e Completed slash sheet for DACO8, /113, 8-bit D/A Converters; Tables
III and 1V were added; corrections/comments received from manufact-
urers were incorporated.

e Errors in /112, Quad Comparators, pointed out by one manufacturer
were checked out and corrected at GE.

® A change to the slew rate test circuit for the 118 0Op Amp, /101, was
analyzed.

e A slash sheet written by NASA, MIL-M-38510/122, High Slew Rate and
Wide Band Op Amps, was reviewed and comments were submitted to RADC.

Meetings Attended (GE internal meetings not included)

JC=-41 Committee on Linear ICs
Nov., 1, 2, 1978 - Phoenix, AZ
Feb, 27, 28, 1979 - Monterey, CA
June 19, 20, 1979 - Washington, DC

JC~41 Subcommittee Meetings

Feb. 6, 1979 562 D/A Converter Peabody, MA

Feb. 7, 1979 5200 A/D Converter Peabody, MA

May 1, 1979 5200 A/D Converter Pittsfield, MA

May 29, 1979 5200 A/D Converter Sturbridge, MA

Aug. 14, 1979 CMOS D/A Converters San Jose, CA

Aug. 15, 1979 Sample/Holds; Voltage San Jose, CA
References

RADC/GE Meetings

Sept. 21, 1979 Contract Plans Pittsfield, MA
Feb. 22, 1979 Contract Status Pittsfield, MA
May 2, 1979 Contract Status Pittsfield, MA
May 22, 1979 Contract Status Rome, NY

Aug. 8, 1979 Contract Status pittsficeld, MA

§ackground

General Electric began this effort in September of 1978, having previously
completed similar characterization and specification contracts in MIL-M=38510
Linears in 1976 and 1977. Philosophies for establishing parameters, limits,
and test circuits for conventional devices like op amps, comparators, and
regulators had been negotiated with RADC, DESC, and the duvice manufacturers
in meetings of the JC-41 Committee on Linecar Integrated Circuits.
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This current effort extended past efforts to newer devices in similar
generic families, and in addition e¢stablished new frontiers in the develop-
mont of automatic tests and specifications for 12-bit data converters, One
slash sheet (/120, 12-bit A/D Converters) represents the first hybrid micro-
circuit to be specified in military JAN linears.,

Whereas in 1976 and 1977 the JAN Linear Program has been '"catching up"
to the state-of-the-art in developing new specs for existing devices, it is .
now in some cases leading the development. Witness the slash sheet on single, @
dual, quad BiFEl Op Amps, in which devices from three major manufacturers are '
just becoming available to users, and 3-terminal adjustable regulators where
the JAN spec is ready soon after the market introduction,

Although hybrid A/D converters have been around for awhile, monolithics
are just reaching that goal, and manufacturers are faced with new challenges
for developing suitable automatic tests for high resolution data converters,
Even more ambitious tasks are being planned for the near future, with analog
LSI (video A/D converters), non-linear companding DACs, and data acquisition
devices in the making.

1, ngelgggcnt of Slash Sheets

A procedure for developing new slash sheets to MIL-M-38510 has evolved
through negotiations among all concerned parties, Device selection is
influenced by user need, which is determined both by the marketplace and by
organized committees, such as the Military Parts Control Group (MPCAG) at
DESC, the G12 Solid State EIA Device Committee, and the Microelectronics
Project Group of the Electronics Systems Committee of AIA. These recommend-
ations are balanced with manufacturer recommendations obtained via the JC=41
Committee. Devices having high useage, multiple application potential in
military systems, proven performance, and two or more sources are given
priority. Single-source devices are acceptable, especially for hybrid devices,
although multiple soutrces are preferred. Manufacturers typically recommend
devices for slash sheet action in JC-41 Comnittees, and then chair a JC-41
Subcommittee for preparation of slash sheet parameters, limits, and test
circuits.

The industry data sheet forms the basis for the military specification.
Typically, such data sheets do not specify all of the necessary parameters
over the military temperature range and over the common-mode voltage range.
The JC-41 subcommittee, or the device originating company, usually prepares
a proposed spec., Ideally, the device manufacturers would like to have these
proposed specs incorporated without further consideration. However, RADC
and General Electric experiences in this current program have shown that all
of the proposed specs have required some rework, and are unsuitable for
issuance '"as is'",

Data provides another base for determining parameters and limits.
Devices for test are purchased from distributors, are also obtained from
manufacturevs via RADC request. In some cases, the industry-donated sample
is tested by a single manufacturer on a volunteer basis, The entire sample
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is tested further on a Tektronix 83263 Automatic est System at o ordnanc
Systems Electronic Test Center, Data obtained at =553 ¢, +25 ¢, and +129
ambient is statistically analyzed and reproduced in histovram 1ormat Red -
ommended limits are compared to the statistical sample data Parameteor
limits which are grossly inconsistent with the data are readily identiticd,

Additions, changes, and alternate approaches are discussed at ting
committee level., Device anomalies are identiticd in lab bench tosts, orten
using a curve tracer. Failure modes are also identiticd User caut ion
notes arce added to the specification if it is deemed appropriate.

Burn=-in circuits are usually recommended by the manutactorvr and eval-
uated by RADC and/or GEOS on the available test samples.  an objective s
to minimize the number ol external components while stressing the device
near its limits,

Device schematics are presently included in MI1.-M=38510 slash shoeets,
A recent JC=-41 Committcee recomnendation is to delete the schematics and to
replace them with a block diagram which shows the basic elements ot the
device, for devices which arce very complex (¢ ¢. data converters) .

Rough~draft copies of the {inal slash shect are prepared at ¢HOS und
are forwarded to RADC for review. DESC distributes copies obf this spec to
manufacturers and uscrs for {inal commints., Following assessment ol the
comments by all concerned parties, DESC prepares and issues the slash shect

Characterization Data

Data obtained during device characterization is usually published in
handbook form separate from this document. Samples of the data sheets,
histograms, and plots, are included in this report, however,
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SECTION II

Bi-FET OPERATIONAL AMPLIFIERS
MIL-M-38510/114

2.1 Background and Introduction

The initial characterization work on Bi-FET Op Amps was described in
technical report RADC-TR-78-275. This report covers the completion of
the characterization studies on the LF155 series devices and also
includes the characterization of the LF155A precision series devices,

The relationship between the generic industry and military device types
is shown below:

Generic Industry MIL-M-38510/114
Type Device Type
LF155 01
LF156 02
LF157 03
LF155A 04
LF156A ‘ 05
LF157A 06

As the name implies, "Bi~-FET" stands for a mixed technology process in

3 which bipolar and field effect transistors are combined on the same
monolithic integrated circuit. Standard bipolar processing is used to
make most of the circuit elements except for the top gate and channel

] of the J-FETs, which depend on the ion implantation process. Fabri-

4 cating with matched input J-FETs which gives rise to low offset voltage
and offset voltage drift is the big contribution of the ion implantation
process. Obviously the Bi-FET process enables the best features of
bi-polar and J-FET transistors to be incorporated into the design of

the I.C. op amp.

With J-FET input transistors, the input bias currents are typically
under 100 pA. Also, bandwidth and slew rate are not severely compromised
by low input bias current as in the case with bipolar transistor front
ends having low input bias currents.

A review of linear device applications in military systems as well as a
JC=-41 Committee priority list were important factors in characterizing
and developing a slash sheet for this family of devices, There are
seven semiconductor manufacturers making LF155 series Bi-FET op amps.

I1-1




A

2.2 Description of Device Types

A typical schematic circuit of a Bi-FET op amp is shown in Figure 2-1,
Matched J-FET transistors are used for the differential input gain
stage, the input current source loads and the offset adjustment control.
The drain outputs of the input P-channel J-FETs feed a differential
bipolar transistor stage. Signal conversion from differential to single
ended is made at the collector of Q8. Since current sources exist at
both the source and drain terminals of the input J-FETs, some mechanism
must also exist to deal with the excess common mode current which is
sourced from Ql, but not sunk by J10 and J11. Common mode feedback
from the differential bipolar stage current source to the source ter-
minals of J1 and J2 solves this problem,

With J-FET input transistors the op amp bias currents + Ijp, and = Ijp
are much smaller than is possible with bipolar transistors. Since
these currents are leakage currents, they are temperature sensitive

and approximately double for every 10°C increase in temperature, Low
noise and good high frequency response are other benefits of the J~-FET
front end transistors. The single ended output signal from Q8 and its
J3 current source load is further amplified by the class B output stage.
This output stage is a little unusual in that a J-FET, J5, complements
the other bipolar output transistors. Replacing the standard PNP
output transistor with a J-FET increases the phase margin of the device
and thus enhances the stability of the device for driving high capaci-
tance loads.

Capacitor C2 is the compensation capacitor which establishes the
dominant pole from which the open loop voltage gain is "rolled-off",
This capacitor therefore affects the unity gain bandwidth and slew
rate of the op amp. Another parameter which affects slew rate is the
operating current which is available to drive the compensation capaci-
tor. Both the operating current and the compensation capacitor are
variables which the IC manufacturers can control in order to achieve a
desired speed/power tradeoff., Device types Ol, 02 and 03 are-basically
the same device with different values of compensating capacitance and/
or operating current. Consequently, supply current, slew rate and
gain bandwidth product are the parameters which are different between
the three device types as outlined below:




Device Type
Parameter 0l 02 03* Units
Supply Current (max) 4 7 7 mA
Slew Rate (min) 2 7.5 30 V/us
Gain Bandwidth (typ) 5 12 50 MHz
Product

*Device type 03 is under compensated and is not guaranteed
to be stable for closed loop gains under 5 V/V.

There are design differences among the various vendor furnished LF155
series op amps. In order to reduce the effect of temperature on input

bias current, one vendor has added a bias current compensation circuit
as shown in Figure 2-2,
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2,3 Device Characterization

Developing the tests for the Bi-FET op amps was done in a manner simi-
lar to previous quad op amp characterization, A test program and an
adapter card were developed in order to enable testing with GEOS'
Tektronix S$S-3260 automatic IC test system., While the program and
adapter were being developed several devices were analyzed on a

! Tektronix 577 curve tracer. This manual test phase was good for dis-
§ covering anomalies and possible automatic tester problems.

. A schematic diagram of the static test circuit is shown in Figure 2-3.
! All relays are in the normal de-energized position. Operation of the
f test circuit is straight forward. The device under test (D.U.T) and
the nulling amplifier are cascaded within a closed loop gain of 1000,
This is done so that millivolts of error voltage with respect to the
op amp input are translated into volts D.C. at the nulling amplifier
output to the automatic measurement system, The D.U.T. output can be
commanded to any voltage in its operating range by applying the nega-
tive of the desired voltage to terminal 4, When the non~inverting
input to the nulling amplifier is at zero volts, the loop has stabi-
lized and the correct output can be measured. Tests which require
the D.U,T. to be exercised over the common mode range are mechanized
by swinging the power supplies and commanding the D,U.T. output, while
grounding the D,U.T. inputs through 50 ohms. The basic measurement
performed by the static test circuit is V4, or offset voltage. Most
of the other parameters are derived from this basic measurement, A
schedule of parameters, test conditions and equations is shown in
Table 2-1.

Because Bi-FET bias current can increase by a factor of 1000 in going
from 25°C to 125°C, it is necessary to change the input sensing re-

~ sistors from 5 Ma to 100 K . Relay K8 is programmed for the high
temperature measurement in order to cause the resistor value to change.

Although slew rate is not a static test, it was tested automatically
with the parameters listed in Table 2-1, The test circuit for slew
rate and transient response is shown in Figure 2-4, It is an easy
matter to incorporate this circuit into the Figure 2-3 test circuit,
however, care must be taken in routing the connections to the op amp
inputs. Table 2-2 shows the test conditions and equations for slew
rate and transient response., Because of limitations with the $-3260
measurement system it was not possible to measure noise and transient
response automatically with the other op amp parameters. Bench set ups
had to be used for these measurements.,

Another parameter which had to be tested manually using the circuit in
Figure 2-5 is settling time,

The op amp test adapter is shown in Figure 2-6.
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A1l resistors are +0.1% tolerance and all capacitors are +10%, tolerance

Precautions shall be taken to prevent damage to the D.U.T. during insertion
into socket and change of state of relays (i.e. disable voltage supplies,

Compensation capacitors should be added as required for test circult stability.
Two general methods for stability compensation exist.

unwanted .coupling and oscillations,etc.

One method is with a

The other method 1s with a capacitor in
parallel with the 49.9 kQ closed loop feedback resistor.

Praoper wiring procedures shall be followed to prevent
Loop response and setting time shall

Both methods should

TEST CIRCUIT PIN-OUT FOR ALL DEVICES

be consistent with the test rate such that any value has settled for at least 5 loop
time constants before the value s measured.

Adequate settling time should be allowed such that each parameter has settled

A1} relays are shown in the normal de-energized state.
The nulling amplifier shall be a M38510/10101XXX.
amplifier is not allcwed on tests where the E (pin

Saturation of the nulling
5) value is measured.

The load resistors 20500 and 11.) k2 yfeld effective Joad resistances of

NOTES:
1.
unless otherwise specified.
2.
current Timit » Vcc' etc).
3.
capacitor for nulling amp feed back.
not be used simultaneously.
4,
to within 5% of its final value.
5.
6.
7.
2 kit and 10 kQ respectively.
8.

Any oscillation greater than 300 mV in amplitude (peak-to-peak) shall be cause

for device failure.

Figure 2-3, Test Circuit For Static .ests
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Test Table For Static Tests.

Table 2-1.
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NOTES:
Resistors are *1.0Y tolerance and capacitors are +10% tolerance.

Y.

2.
3.

4.

This capacitance includes the actual measured value with stray and wire capacitance.

e e te e Sl e e am—

HH

| i
! 10 pF

I O.1pF |y /SEE NOTE 2 |
l

| KSa I—&J(g—bi
—[ff/;\AAr— SN~ '
2.49k0 1080 |
l

Precautions shall be taken to prevent damage to tke D.U.T. during insertion into
socket and in applying power.
Pulse input and output characteristics are shown on the next page.

Figurce 2-4.

Test Circuit For Transient Response and Slew Rate.




DEVICE TYPE DEVICE TYPES

03 Ol 803

) )
S 2501 ————— 501 —————
E as|----- 45— - — - -
g
[
2
B 25|—-— — = 5|———$-01Vo -
3 o 0 ! TIME (ns)
WAVEFORM |
(TRANSIENT RESPONSE)
> +5
w
) +2.5
§
= —-2.5
>
g s
3 e TIME (p8)
WAVEFORM 2 WAVEFORM 3
(POSITIVE SLEW RATE) (NEGATIVE SLEW RATE)
Parameter | Device Input pulse Qutput pulse Equation
symbol type signal @ tr < 50 ns signal
TR (tr) all +50 mv Waveform 1 TR (tr) = At
- TR (e,) all +50 mv Waveform 1 TRio ) = 100 (Av°/Vo)
s
SR (+) 03,02 -5 V to +5 V step | Waveform 2 « OVo(+)
( '037 -1 Vio +1 V ste Wave ori_‘ SR(+) /8¢(+)
SR (- 01,0 45 V to -5 V step Waveform 3 -
) 03 TV to #1 V step aveform 3 sR(-) = A¥o(=)/ae(-)

Table 2-2. Test Table For Transient HNesponse and .Slew Rate,
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A uf
| v \
I *“{6"‘ |
v | Sl L4991 +1% | 2kl ¢+.1% |
IN AAA~— |
0O
O_J—__L S
—t -Yo
L1 100 |
pF |
499k £ .1% |
l
[
| 1
2k N ' |
NO tuf ' ;
. |
@'CONNECHON ( tol) o e
I Ig (
@
-VCC=-15V
NOTES :
1. Resistors are *1.07 and rapacitors are +10" unless otnerwise specified.
2. Precaution shall te taken *o prevent damage to the D.U.T. during insertion
into socket and in applving power.
3. For device types D) and 092, S1 is open, AV = -1 and Vlh =10 V.
4. for device type 03, S1 is «losed, AV = -5 and le =2 V.
5.

+tVCC = 15V

Settiing time ts' measured on pin 5, is the interval during which the surming
node is not nulled.

Figure 2-5. Test circuit For Settling Time,




Figure 2-6. Bi-FET op amp test adapter.




2.0 labualation ot lest Data

Shown below is a list of types and quantities of devices which were

s bmitted by the 1.C. manntacturers tor characterization testing,
Device Manutacturers
Type B fQuuntiLy *
1 F = Fairchild
' S = Signetics
155 F, S 24 A = AMD
156 F, S, A 24 N = National
157 S, A, N 24 P =P.t.1,
155A N, P 9 I = Intersil
156A N, P, I 64 T = Texas Instruments
157A P 20
w355 T 9
Total 204

The devices were tested in two groups with the distinction being
A's or non-A's. The non-A's were tested first. Improved limits on offset
voltage, :AViOKSI and slew rate are the essential differences between the
two groups. Within each group the 155's, 156's and 157 's have identical
limits except for supply current, transient response and slew rate. Also,
the 157 is an undercompensated device for use in wideband applications with
a minimum closed loop gain of SV/V,

The 355 devices were tested with the precision A parts, but the data
was not statistically grouped with those devices,

A typical data sheet of an LF155 op amp in the first group of testing
is shown in Table 2-3, All uf the data is within the initial JC-41 committee
recommended limits, unless an asterisk (*) is displayed adjacent to the
measured value., For this group, the data at all three temperatures
(-55°C, 25°C and 125°C) is shown on a single table,

On the second group of devices (LF155A series), it was decided to
change the format so that the data of up to ten devices could be displayed
on a single sheet, Table 2-4 shows this scheme for different devices at a
single temperature, With this method it is easier to make device-to-device
comparisons and to check for common peculiarities, etc,




et e A

A third form of data common to both groups of devices are histograms,
Figure 2-7 shows a histogram of offset voltage Vijo at zero common mode
voltage and 25°C for all of the devices in group 2, The raw data is too
extensive for inclusion in this report, since each test group contains 114
histograms and over 30 individual data sheets., Besides showing the data
elements v,s. frequency of occurence, the histograms alsc display the
initial JC-41 parameter limits, Dirsct comparisons of the data to the
proposed limits are useful in determining the relative test yields of the
devices. The raw data was presented to industry representatives in two
reports as follows:

1. Characterization Data for MIL-M=38510/114 Bi-FET Op Amps (Commercial
Types LF155, LF156, and LF157) (21 November 1978).

2. Characterization Data for MIL-M=-38510/114 Bi-FET Op Amps (Commercial
Types LF155A, LF156A, and LF157A) (16 April 1979).

Within the static test parameters, the measurement and characteriza-
tion of input bias current was the most difficult, Figures 2-8, 2-9 and
2=10 show how input bias current varies typically with common mode voltage,
supply voltage and manufacturer, These figures were observed with a
Tektronix Type 577 curve tracer., Figure 2-11 shows a similar bias current
curve that was generated using the S-3260 with the op amp adapter.
Increasing temperature can also cause an increase in input bias current as
shown in Figures 2-12 and 2-13, The effect of common mode voltage on
offset voltage is shown in figures 2-14 and 2-15., Figures 2-16 and 2-17
show typical small signal transient response waveforms of the LF155, LF156
and LF157. The effect of closed loop gain on the LF157 response is also shown,

Typical slew rate response for all device types is shown in figures
2-18 and 2-19., Settling time waveforms are shown in figure 2-20, Curve
tracer displays of gain and noise are shown in figures 2-21 and 2-22,

Tables 2-5 to 2-10 are statistical data summaries of the LF155 and
LF155A series devices at -55°C, 25°C and 125°C. These tables are useful
in showing parameter yields to the initial specification limits,

Tables 2-11 and 2-12 show the distribution of data for most of the
parameters in a cryptic histogram form.

Manual test methods were used to generate the dynamic data of the dif=-
ference device types as shown in Tables 2-13, 2-14 and 2-15,
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+IiB @ 160 pA’cm

+Lig @ 160 pA/cm

Vem @ 4V/cm

Figure 2-8 Bi~FET Input Bias Current vs. Common Mode Voltage
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Figure 2-12 Bi-I'ET Input Bias Current vs, Temperature
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LSS Sfe (3 Typical LF155 ;
} ) ) TR (tr) = 60 ns ;

I'R (0S) = 34~

GBW = 5.8 MHz

Ay = 1 vV

TR (tr) x GBW = .348

5.7 A TR IR .k i il

s 192

Typical LF156A

TR (tr) = 40 ns

TR (0S) = 387

GBW = 7 Miz

A\y =1 V/V

TR (tr) x GBW = ,350

Fig. 2-16. LFl5% & LF156 Transient Response.




LF S22 S 7S

TR (tr) 300 ns

TR (0S) 07

GBW = 1.1 MHz

Ay = 5 VIV

TR (tr) x GBW = .330

LES 4 w29

ii., 2-=17., LF157 Transient Respoﬁse.
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v
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10 v/us

(SR = v/ -1 @

g V from =-2,5 V
= - to + 2.5 V)
- LFE /55 Steo Rofe
@’ =
/~(y =7 ;7‘/
500 ns/em
LEFL55 slew rates @ AV = 1 v/v
SR(+) = 14.3 V/us
(ﬁ
SR )2:) SR(~) = 33.3 V/us
. SR ) (SR=.V/ LT @
Q
3 .
p f “&Lo J
: LA /SC Steces ,‘{,16 \ vV trom -2.5 V to

@ f{k < 7y + 2.5 V)

7

500 ns/cm

LF156 slew rates ot AV = [y/v

Figure 2-18. LIFI55 and LF156 §lew Rates,
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SR(+) = 40 v/us

SR(-) 50 V/us

(SR=AV/ AT @

v from - 2,5 vy

L1577 Sten AgpTe

to + 2.5 V)
&A= T
L1537 slew rates @ AV = 1 v/v
SR(+) = 33 V/us
SR(=) = 50 V/us
SR=aV/ATQ@
e SE¢) Vv from - 2.5 v
L (52 Sle. K,Te to + 2.5 V)
(~ /(p B fa/wi/

LEL97 slew rates @ AV = 5 y/y

Fivure 2-19, 11157 Slew Rate vs Gain.
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Null LT 1S5A
Frror S/N 112
@ 20 mv/cm ty = 750 ns
Vi @2 v/em AV = 1L v/v
vin = S v
Null LF156
Error
@ 20 mV/cm tg = 750 ns
Vin @ 2 V/cm AV = 1 v/v
Vin =5V

Time @ 500 ns/cm

Figure 2-20. LFL55 Series Bi-FET Settling Time,
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Vin @ 10 uv/cem

Vip @ 10 mv/em

Gt Gop Gain of
5T LSSy

K - forsz

o~ oL

Vo @5 V/iem

LF155 Open loop voltage gain Ayg (*) @ Ry, = 50 K

0/“}‘/ v’(’)‘ ' 6’74’ ‘1.' 0: ~
§ ey LE(S)
& Ko 7K

" Vo @5 V/em

LF155 Open loop voltage gain AVS () @ Ry = 2 Ko

Figure 2~21, Open Loop Voltage Gain vs Load,
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LF155

PP

S/N 19
= 50

e Rg = 502
\fg NI(BB) = 10 uwv
S = 1.67 UVrms
(\J]

=

o

>

J

Vo @ 5V/cm
* Note: Random noise has a Gaussian amplitude distribution
such that the ratio of (peak to peak) over (rms) is 6
and will not be exceeded 99,377 of the time,
1

E
2

3 LF155
o S/N 19
— RS = 50 K.
&

s NL(C) = 0 v,
>

! =0 Wyps

Vo @ 5 V/em

Figure 2-22, LF155 Series Bi~-FET Noise Voaltage.
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LF155/6/7 PARAMETER DISTRIBUTIONS & LIMITS

e, abinchisinabdibecigint

OFFSET VOLTAGE @ 25°C /%MMV)"W@ A

OFFSET VOLTAGE € —56/125°C j 2222222772772 ’

AVig/ AT @ 25/—55°C j ¥

AVIQ/AT @ 25/125°C _3_0 22\ NI°0 7773 ¥

OFFSET CURRENT @ 25°C E ‘J A |
OFFSET CURRENT @ 125°C jo| | .Jzu |
IIB BIAS CURRENT @ 25°C l;m w

IIB BIAS CURRENT @ 125°C En% i
+ PSRR, —PSRR % —55/125°C 146

CMR ¢ —55/125°C 64|70 | 135

VIO ADJ ( +) ¢ —55/125°C | (r:w [_iﬂ 13 |

0
VIO ADJ (—) ¢ —55/125°C —14.2 ] (mV)

Table 2-11, LF155/6/7 Data Distributionms.
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LF 155/6/7 PARAMETER DISTRIBUTIONS & LIMITS

—60 0
10S ( +) CURRENT ¢ 25°C L (mﬂl
0 60
10S (—) CURRENT @ 25°C | A ‘J
® 2
+VOP SWING @ 2Kn, —55/125'C [il.318.3| v)

20 —16
—VOP SWING @ 2K 0, ~55/125°C L (V)

+ AVS GAIN ¢ 10K n, —55/125°C LW/ 7 WNImV) 777773 777330k
25
—AVS GAIN € 10Kn, —55/125°C L 15K 2 ImV\ ZA 7773 15k

Table 2-11. LF155/6/7 Data Distributions (cont.).




SUPPLY CURRENT vs DEVICE TYPE@ Vg = 215V

w55 | 2°C i I 1

(20 DEVICES)| 1,c00 |
101 MAX LIMIT

T

0 A
gss | BC Uzzzerzza |

i
(B ORVICES) 15 P
102 MAX LIMIT

[
s | 5 V22274

|

(19 DEVICES)| 490¢ R }
|

03 MAX LIMIT
T T B 1

0 2 4 6 8 10 12
SUPPLY CURRENT (mA)

SLEW RATE RANGE vs DEVICE TYPE

LF155 ESRH) i
! ’ Ay = N i
€W\ 777773 (-)
101 rMh‘-J. LINIT

tF1s5| ZASRU+)

: ! 7 Av = vy
°BC\ |\ 77777 SR -
{02 MIN. LIMIT

LF157) E Y 0000074 SRA+)
0 V = 5V 1

0 10 2 30 40 50 60 70 80 90
SLEW RATE (V/uS$)

Table 2-~12. LF155/6/7 Supply Current & Slew Rate vs Device Type.
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2.5 Discussion

On a paramcter by parameter basis, a discussion of the device charac-
teristics rollows:

2.5.1 Imput OLfsct Voltage (Vig)

LF155/156/157 Family

This family of devices had very good yields in passing the V o tests
over the common mode voltage and military temperature range, The
screening limits for these devices were - 4 mV and © 6 mV at 25°C and
over the military temperature range respectively., These limits were
subsequent !y expanded to 5 mV and - 7 mV respectively, as part of
a decision to include the LF155A series op amps as separate device
types with low offset voltage in the slash sheet,

In early 1979 a GIDEP (sovernment Industry Data Exchange Program)
alert was issued on Vendor Code E LF155 devices became of high offset
voltage drift with time (greater than - 10 mV). The vendor said

that the problem was caused by contamination during the ion implant
and cleaning procedures, which resulted in a surface inversion con-
dition. A 168 hour burn-in test at GE Ordnance Systems on the LF155
series group from vendor codes A, B, C and D revealed a maximum
offset voltage shift of less than 0.8 mV. Most devices had less than
0.3 mV of offset drift,

A related problem is with short term power turn-on offset voltage
shift. The 1/15/79 edition of Circuit News reported on this phenom-
enon, Some sample testing was also done at GE Ordnance Systems
without finding any devices having this problem.

LF155A/156A/157A Family

The test yields of the LF155A series devices to the tighter limits
of - 2 mV/ 2.5 mV were considerably lower than those for the non-A
devices, Tables 2-8, 2=9 and 2-10 show this information in terms of
percent fail high and percent fail low. Overall yields at 25°C,
=55 C and 125°C were approximately 807, 667 and 927 respectively.
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2.5‘2

2,5.3

: 1
Offset Voltage Temperature Sensitivitv ( ..Vpg/ < 1)

LF155/156/157 Family

AV 0/‘3 T is a very important parameter for applications having

tigét error specifications over a wide temperature range. Offset
adjustment can not compensate for poor offset voltage drift. The
user's only guarantee is to test for this parameter to screen out
inferior devices.

With limits of - 30 uv/ C, the non-A's had yields of 947 and 97/
for the cold and hot excursions from 25°C.

LF155A/156A/157A Family

Even though the manufacturers' catalog limits of : 5 uv/ C were
relaxed to - 10 uV/'C, the test yields for the A series devices

were 437, and 907, for the cold and hot A V,./<A T measurements,
respectively., It was later determined that the LF155A devices from
vendor Code B were not prescreened to truly certify them as A's.
Follow up tests with vendor Code B indicated that good yields could
be achieved with the - 10 uVv/°C limits. From 25 C to 125°C V4 is
allowed to increase from * 2 mV to : 2.5 mV. This corresponds to an
end point shift of 500 uv/100 C = 5 uv/°C.

Input Offset Current (I;,)

Since Bi~FET op amp offset current is the difference between the
two input leakage bias currents, it is very small and also difficult
to measure, Only the zero common mode voltage condition is covered
by the /ll4 specification. Test yields were 93.57 and 647 for the
non-A's and A's respectively, against the - 20 pA limits.,

Most of the failures were traced to 156 A's and 157 A's from Vendor
Code E. Test yields were worse for the "unspecified" ~15V common
mode condition because of front end matching considerations, At

+ 15 V common mode the test yield is better because the acceptance
limit is raised to compensate for the higher input bias current.
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2.5.4

Input Bias Current (+ Iyg, - lpp)

Figures 2-8 thru 2-11 show the sensitivity of input bias current to
common mode voltage and power supply voltage. The slash sheet
specification is based on + V.. = - 20 V because of a precedent
established with previous military op amp specifications and a desire
to maintain standards for comparison.

It should be obvious from these figures that if low I;p is a
necessary application requirement, the supply voltages should be no
higher than 15 V. Also with the lower supply voltages, the common
mode voltage range is more evenly centered about zero. As the
common mode voltage approaches the negative power supply voltage,
the P-N junction between the gate and channel of the input J~FETs
becomes forward biased and forward current is pulled out of the
gate. The input common mode voltage corresponding to this "for-
bidden'" condition is within three volts of - Vqc.

Increasing the common mode voltage in the positive direction causes
reverse lcakage current to flow into the J-FET gate terminals. The
common mode voltage range over which the input J-FETs are technically
in the leakage mode varies according to diffusion characteristics,
geometry and minority carries concentrations. Also the leakage
current is almost independent of reverse voltage,

The typical diode shape increase in bias current with common mode
voltage occurs as the junction enters the avalanche or zener voltage
range. Series resistance prevents the classical zener constant
voltage characteristic from occurring. :

Process differences among the device manufacturers cause the bias
current vs common mode voltage characteristics to vary accordingly
as can be seen in Figures 2-8 thru 2-10. Since the input bias cur-
rent is J-FET gate leakage it is not surprising that this current

is highly tempe rature sensitive., Typically, leakage current doubles
for everv 10°C rise in temperature. Figures 2-12 and 2-13 show

this effect,

The test yields to the /114 specification limits were good except
for the following:

l. Vendor Code E. LF155A series devices incorporating bias cur-
rent compensation had a yield of only 16.6% for the negative
common mode low limit of - 100 pA. Bias current compensation
uses negative PNP collector current to cancel positive J-FET
gate current. At the negative common mode condition an over
cancelled situation is more likely to occur. The JC-41 Committee
has not asked for relief on this limit.
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2.5.5

2.5.6

2.5.7

2.5.8

Tnput Bias Current (continued)

2, Vendor Code C. LFi55 series devices had a yield of 30.7% for
the 125°C input bias current limits of 50 mA and 60 mA at the
zero and positive common mode conditions respectively. No
relief has been asked for this limit,

Power Supply Rejection Ratio (+ PSRR, - PSRR)

All of the devices had good yields in meeting the 85 dB minimum
limit.

Common Mode Rejection (CMR)

Good yields were obtained in meeting the 85 dB minimum limit, This
parameter is calculated from the Vi, change over the input common
mode range. Consequently, there is a close relationship between
Vio and CMR failures,

Input Offset Voltiage Adjustment (Vig ADJ (+), Vio ADJ (=)

Traditionally, the requirement for offset voltage adjustment is that
it be capable of driving the input offset voltage one millivolt
beyond the minimum and maximum limits of offset voltage., All func-
tional devices far exceeded this requirement with typical values

of 13 mv and - 14.3 mV for the positive and negative adjustments
respectively,

Short Circuit Current (Ing (+), Ing -)

The instantaneous short circuit current was considerably less than
the 50 mA maximum requirement, The short circuit current magnitude
decreases with increasing temperature for both output drive polar-
ities. 1If the output is commanded to be at the positive swing

limit and then a short circuit is made between the output and ground
or the negative power supply, the short circuit current Ing (+),
will be current limited by 86 and R} in Figure 2-1, Accordingly,
typical Ipg (+) = VI}KEQlo = 625 mV = 24 mA. Since AVpgy A - 2 mV/ C,

AT
the self heating of the device and the output transistor, will cause

the short circuit current to decrease by 80 uA/ C.

Qutput short circuit protection can not be guaranteed over the full
- 55°C to 125°C military temperature range,
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2.5.8

Under worst case conditions, the maximum internal junction temperature

Short Circuit Current (continued)

of 175°C will be exceeded at ambient temperatures far below 125 C.
The following equations apply:

1. Pp

2. T,

where Pp
Vee

ICC

Vo

IOS

T;
Ta

OJA

=2 Voo Iec + TWee = Vol Ty

o«
Ty + PD QJA

device dissipation (mW)

power supply voltage (V)

power supply current (mA)

output short circuit voltage (V)
output short circuit current (mA)
junction temperature ('C)

ambient temperature (°C)

= device junction to ambient thermal resistance (°C/mW)

Under worst case conditions and a “"warmed=-up" short circuit current

of 30 mA, the devices have the following maximum safe ambient tem=-

peratures:
r-DevichLvMaximum Safe Ambient Temp *
Type . "short'" to ground ; "short™ to supply

o1, 04 89.5°C } 22°¢C

— . B U

- 02, 03, 76 ¢C ¥ 9°C

; 05, 06 A

L |

T, a TJ = 175°C

Several 02 and 03 devices were subjected to sustained output to
power supply short circuits for several hours without incurring any

damage.,

worst case and typical parameters,

The real margin of safety depends on the differences between
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pransient o csponse (x tEry, i (us))

Jith o Ciesed Loup o poin o of v che transient respense dat o ol
Che F0b s and 1 Ton devive s war osigniiicantiy raster than ti
Iinitiat fo=al committ co vocmuended Timits,

Also the LeE37 devices at a closed loop gain ol 5 V/V were slower
than the To=40 Comnittee recommended Timits.  The data and limits
are sumndrized below:

! Device sC=41 Limits z Data . 25 ¢ i
I'vpe TR(tr) ' TROS) FR(trY °  TR(OS) l
t : (ns) () (ns) () Sample
Ny ‘(min) max) (min)'(max) (min)'(max) (min) '(max) Size
Lil5> L. 300 - 40 41 55 33 47 15
/v
c LF1I>6 0 - 200 - 40 28 45 42 48 15
GOV
L1157 - 100 - 40 . 240 - 310 O 0 15
d SV/V ‘ : . , ;
R i 1 i H S |

In order to resolve the differences between the recommend limits
and the data, a second referee circuit was built and several devices
were tested again. The new data correlated with the original data.

“After verifying that the data matched, the sensitivity of the data

to the circuit components was investigated. Not surprisingly, the
teedback capacitor has a dominant effect, For instance a change
from 10 ptf to 18 pf caused the overshoot of an LF156A to decrease
from 44/ to 327, Figure 2~16 shows the typical response of an

LEL55 and an LrF156 device. The high TR(0S) overshoot failure rate
was resolved by modifying the test circuit such that for Ay = 1 V/v,
Rp = 0 . Normally closed K9 contacts in parallel with the 10 K JL
resistor of Figure 2-4 reduces the D,U.T. overshoot by making the
device less susceptible to parasitic capacitance at the inverting
input, Typically, depending on the D,U,T's characteristics, a
reduction of 107 to 207 in overshoot was achieved.
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rrecuency peles and zeros Qs zreacly reduced.

Fhe revised transicnt tesponse specirication iiaits are shown in
Table 2-16

settling Time (ts(+), ©s(=))

Settling time as derined in the 114 specification is 4 sampled
larpe signal test for the time it takes the error voltage to settle
within O.1: oI its final value. A phantom summing mede is monitored
as shown in Figure 2-5 while the DUT is exercised to produce a 10V
output pulsce. This summing mode voltage Vy is propertional to the
error voltage difference Vi between the input and output voltage

as shown below:

-
|

<
|
i
1
)

Thus for circuit gains of - 1 V/V and - 5 v/V, the null voltage is
.5 V. and ,833 Vi, respectively, For a 16\ output and 0.1" error,
the corresponding null voltage thresholds are 5 mV and 3.33 mV at
Ay = 1 v/V and 5 V/V respectively.

Figure 2-20 shows the dynamic null error voltage of scveral typical
devices. The settling time is composed of a slewing interval and
transient response interval, which depend on differunt parameters
and conditions, TFor a given device the slewing interval is pro-
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2.5.15

settline Vice (continued)

porticnal te tie vutput step chanpe, wiereds the transient responsc
inte nval is dependent on the damping ratio or the device in the
Lest vireadl,

T cltonit cbosed Teop Cain s G bie eliect on both the slewing
inturval and the transient response interval,  depending on how
the response oscillations dampen, the diffvrence between 0 1 and
06 settling time can vary trom a fractional part or cvele to

several oveles.

rhe relationship between the data and the proposed limits is tab-
ulated below:

- ~ — ]
Phevice  oata + 25 ¢ /114 A :
Ivpe _ts in (ns) . ts in (ns)

: ’ ! ! Samp le ! 1
Ay urin)  (max) Size (min) f(max)
LF155 700 1300 15 - 1500
a /v
i LF156 900 1300 15 . - 1500
pa v/
' LFL57 300 650 15 . = | 800
@ sv/v : ’ ;
l . L j

-

Noise (N (BB), NI (PC))

Broadband and pop corn noise was measured with a Tektroniks Type
577 curve tracer. Typical data displays are shown in Figure 2-22.

Broadband noise was measured with a source resistance of 50.% and
the observed peak-tc-peak readings were divided by six to yield
Gaussian rms values.

This factor of six is used because op amp noise voltage is random
and has a normal statistical distribution. One of the properties
of a normal Gaussian distribution is that the ratio of the peak-to-
peak value over the rms value is six with a probability of 99.7%.
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2.

5

)

Noise (vontinued)

ihe data is summarized as rollows:

Broadband
Noise BRI
(u \'rms) Frecuency
0.3 1
0.7 5
0.8 3
1 0 10
12 l
1.3 3
1.7 _l~

data values

i~

Total: 2

The data distribution is conservatively within the 10 u Vrms maxi-
mum limits of the /114 specification.

for the popcorn noise test only one device had an observed "pop"
of 10 u Vpk. The remaining 23 devices had no trace ol popcorn
ol

Buor =L ol it s vatual 1o

Alter the initial characterization data was taken, sixty non-A
devices were burned-in using two different circuit contigurations.
Twenty=-cight devices were exercised in the original voltage follower
circuit which uses a 2000 ohm lvad. During this 168 hour burn-in
test, the input was changed from + 5V to - 5 V after approximately
half of the time had elapsed. The remaining 32 devices were exer-
cised on a new simplified circuit which has the inputs grounded and
the outputs open. Maximum supply voltages of - 22 VDC were applied
to these devices, whereas only - 20 VDC was applied to the {irst
group. The two sample populations were chosen such that they equal
representation with regard to vendor and date code.

At the conclusion of the 168 hours, 125 ¢ rest, the devices were
cooled down before power was removed., The serialized devices were
again tested on the §-3260. The rollowing obscrvations were made
after comparing the betfore and after test data;

1. For both test circuits the post burn -in data total
failures did not exceed the total pre burn-in tailures.
In other words wood devices, in veneral, are not harmed
bv either test circuit.
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2.3.16 3urn-in circuit Kvalunation (cont.)

2. Quite often on particular devices pre burn-in failures
did not appear at post burn-in, These were mainly 10
and 1yp technical limit failures.

It was concluded that the new simplified burn-in circuit was equally
citective with the old standard test circuit. Subsequently, it was
recommended that the supply voltages be reduced to - 20 V and the

pir- 50t et -.(.fl'.lhl el Do e L lew T+ .
r NES

2B oD bun by s dld me o idd st

204 LF155 series op amps were tested on GEOS' S-3262 to characterize
their electrical parameters. Sampled bench test data was taken to
characteri-e noise and some of the dynamic electrical characteristics,
which could not be tested on the $S-3263. It should be noted that the
electrical characteristics are oriented toward automatic procurement
testing. With the exceptions of input bias current, input offset

i current, and output short circuit current, the effects of device self
heating will not cause the procurement values to differ from appli-
f cation values.

in order to minimize input bias currents and device power dissipation
it is recommended that the power supply voltages be kept no higher
than © 15 V. Although these Bi-FET op amps are guaranteed to operate
at 125 C ambient temperature, high temperature operation will cause
the benefits of low input bias currents to be lost.

The LF155 series of Bi=-FET op amps have several advantages over bipolar
devices including a more optimum combination low bias current and high
slew rate plus the ability to drive high capacitance loads., ;

“inal recommended electrical specifications for the generic LF155
series op amps in MIL-M-38510/114 are shown in Table 2-16.,
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SECTION III

CHARACTERIZAT ION OF ADJUSTABLE POSITIVE VOLTAGE REGULATORS
MIL-M-38510/117
&
ADJUSTABLE NEGATIVE VOLTAGE REGULATORS

MIL-M-38510/118

3.1 Background and Introduction

Prior characterization efforts for RADC have resulted in the develop-
ment of slash sheets for Fixed Positive Voltage Regulators and Fixed
Negative Voltage Regulators. These slash sheets, combined, specify
regulators with + 5 Volts, * 12 Volts, * 15 Volts and * 24 Volts which
‘survey showed are the predominate supply voltage requirements for
either digital or analog circuits.

Several new innovative IC and hybrid devices incorporate precision
circuitry and as such require low tolerance supply voltages. In
additien, most large systems require a variety of supply voltages to
provide power for digital circuits, analog circuits, display circuits,
transducerg, etc. The logistic problems associated with the variety
of voltage regulators needed to power these devices can be greatly
reduced by use os one of more adjustable veltage regulators together
with a few standard value resistors,

Adjustable voltage regulators are available either as 4-terminal
adjustable voltage devices or as 3-terminal adjustable voltage devices.
Each of these styles has been characterized and is included on both of
the slash sheets,

The following table shows the voltage regulators included in these
specifications:




3.1 bevice Types specilied,

r Mar<hnnnr-1— N, M
bevice ™ OQutput Voltape vutput vl RS Come e fal
Tvpe | Range current cevmdinals ooape 0 Tvpe |
11701 VS v, 0w = 0.5 - SR THRMC
11702 S v, 300V - L - L 21
L1703 1,25V "V, 37 vV - 0.5 & 3 P0=D ILMILTH
L1704 | 1,25VRgVv, =8 37 v - 1.9 4 3 P 3 IMLITR
11801 S30vRv N - (U B cire) T9MC
11802 | =30Vsg vy - N 1.0 - L= 3 79
11803 { =37V Ve -1.25 0.5 3 pirm5 LML37 1

, 11804 -3ivg v, ~l.25 0 lod 3 co=3 LMI37K

. e e -2 el ~ i A

Pescription of pevice Typus

The major phyvsical distinctions between the various voltawe repulators
characterized Jor these two slash sheets are shown in Table 3.1 [he
major distinguishing rfeatures are: 1) voltage range and polarity, 2)
maximum output current, 3) numbur ot terminals and 4) vase size,
Whereas, the 4-terminal adjustable cevulators are evolved from their !ixed
voltage counterparts by deleting the two internal resistors used to
set the output voltage and by bringing the error amplifier summing

point out of the case, the 3-terminal adjustable regulators represent
different approach in IC voltaue rewulator design and do not have 3-ter-
minai lixed voltage counterparts,

All or these devices contain protective circuitry common to many ol the
available 1. voltage regulators., These circuits include a) output cur-
rent limiting, b) short circuit protection, c¢) sate operating drea
protection and d) thermal shut down. In addition, the repulators

included in these slash sheets teature "band-pap' reference voltage
circuitry to fix and stabilize the output voltape. These reference
voltage circuits arc characterized by improved noise and lonu-term-
stabilityv, Generally, these characteristics arce 10-100 times better
than those found in standard avalanche breakdown reference voltaype
zener diodes,
in Figure 3.1,

A simplificd schematic of a band-vap relference is shown
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In this circuit, two monolithic transistors operating at different
collector current densities develop a voltage AVyg, at the emitter of
Q2. This voltage has the relationship: ASVBE = KT 1n 511; and the

q I
temperature coefficient (TC) of this voltage is positive. When the
voltage is amplified and added to the base~emitter voltage of Q3, which
has a negative TC, the resvltant output is:

. - R2

iy proper adjustment of the vain (R2/R1), the negative TC of VBEQ3 can
be made to cancel the positive TC of Avpg. The result is a voltage
relereoce that nas nearly zero temperature drift,

] A simplitfied schematic of a positive voltage regulator showing the
vacions protective circuits is shown in Figure 3,2, Ffor the negative
voltage regulators, circuit arrangement and performance is very
similar.
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Figure 3.2. Ajustable Voltage Regulator with Protection Circuits.

The current limit circuit consists of Q2, R3 and Rgy. Resistor Rgy, is
in series with the output and carries the output current. Transistor
Q2 is normally turned off; however, as the output current increases the
voltage across Rgp, increases and transistor Q2 begins to turn on. As
Q2 conducts some of the series pass transistor base current is shunted
around the transistor to the output and the current gain of the output
circuit is effectively decreased., Thus, the total output current is
degraded by the decrease in the output circuit current gain.

The safe area protection circuit consists of diode D1, transistor Q2
and resistors R3, R4 and Rgp. In the normal operating mode, Q2 is
turned off and the current path for D! is through resistors R3, R4 and
Rcp. Since this is a high impedance path the diode current is insuf-
ficient to cause diode conduction. However, when the regulator is
operating in a current limit mode, transistor Q2 is turned on, and
diode D1 conducts through the transistor base-emitter junction, If
the V;, - Vo, Voltage is greater than the breakdown voltage of the
diode (6-8 volts), large base currents flow through Q2 and current
limiting adjust to a much lower current level. Thus, the output short
circuit current is greatly reduced as the regulator input voltage is
increased.

The thermal shut down circuit consist of a transistor Q3 that is nor-
mally biased with is base-emitter junction voltage just below conduc-
tion (Vgg = .4 V). The thermal shutdown transistor is physically
located next to the series pass transistor so that the two transistor
temperatures are approximately the same, As the serjes pass tran-
sistor temperature increases, the required base-emitter voltage, nec-
essary to turn-on the thermal shut down transistor, decreases., At
temperatures around 150°C - 190°C, transistor Q3 turns on and the base
current to the series pass transistor is shorted to ground. With these
built~in protection circuits, the voltage regulator is virtually fail
proof under the most abnormal operating conditions.
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3.2.1 VFour-terminal Adjustable Voltage Regulators j

General block diagrams for the 4~terminal adjustable positive voltage
regulator and the 4-terminal adjustable negative voltage regulator
are respectivel. shoun in Figures 3.3 and 3.4.

UNREGULATED

INPUT
B Ry + Rp ,
Vo = ‘"};‘“"(\cont)
Somar [ oo
VL1 ] A
Vcont =50V
* SERILS
PASS
CLEMENT
SYART UP VOLTAGE REGULATED
ccur AFERENCE outPuT
fres - - —o
)
L e
conNTROL |,
o - -0
T CcOMMON
Figure 3.3. Block diagram of 4-terminal adjustable positive
voltage regulators.
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Figure 3.4.
voltage regulators,

I11-5

Block diagram of 4-~terminal adjustable negative




Both regulator circuits are made up of a) a start-up circuit to
insure that the device is rapidly brought into regulation, b) a
temperature-compensated voltage reference with a current source to
eliminate the effect of the unregulated input voliage, c¢) an error
amplifier that compares a fraction of the output voltage with the
internal reference voltage, d) a scries pass regulating transistor
that controls the current output to the load, e) a series resistor
and current limit to regulate the peak output current, f) a safe
operating arca circuit which operates with the current limit circuit
to reduce the regulator's peak output current as the input voltage
increases and g) a thermal shut-down circuit that turns off the pass
transistor when its temperature exceeds 150 ¢ - 1907C,

Circuit variations exist between each of the 4-terminal regulators
as a result of the polarity differences and as a result of the maxi-
mam output current differences, A detailed discussion of the regu-
lator circuits can be found in reference 1 listed in Section 3.6,

3.2,2 Three-terminal Adjustable Voltage Regulators
General block diagrams for the 3-rerminal adjustable positive voltage

regulator and the 3-termiral adjustable nesative regulator are,
respectively, shown in Figures 3.5 and 3.6.
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The 3-terminal adjustable voltage regulators vary markedly from the
4-terminal adjustable voltage regulators. The most outstanding
feature of the 3-terminal regulators are that a) the quiescient cur-
rent flows out of the regulator output pin instead of
flowing out of the regulator adj (common) pin, b) the only current
flowing out of the regulator adj pin is a low level current (50 uA)
for the reference circuit, c) the error amplifier is
a fixed unity gain amplifier and is therefore easily frequency stabi-
lized, d) the voltage reference circuit does not require a special
start-up circuit and e) large